Introduction: New form of suspension training (TRX) has been introduced which has the ability to develop physical fitness factors. The aim of this study was to compare the effects of eight weeks of resistance training by traditional and TRX methods on physical fitness factors and extremities perimeter of non-athlete underweight girls. Material and methods: Thirty non-athlete underweight female students qualified with an average age of 23±1.64 years, weight of 43.53±0.28 kg, height of 162.66±6.6 cm and BMI of 16.31±0.2 kg/m 2 were selected and randomly assigned into three groups of 10 subjects (traditional, TRX and control). Participants performed training of 3 sessions per week for eight weeks. Before and after the period of training, physical fitness variables including muscular strength and endurance, flexibility, thigh and arm circumferences were measured. Results: The results showed that both forms of training had a significant effect on muscular strength and endurance. There was no significant difference in flexibility and thigh and arm circumferences. Conclusion: It can be concluded, that the traditional and TRX training have created almost same improvements in physical fitness factors, so TRX training can be considered an efficient choice to do alongside traditional training or as its alternative in order to earn desired training achievements. It is noteworthy that when training goal is to enhance muscular strength and endurance especially in upper-body, TRX training appears to be accompanied by greater gains compared to traditional resistance training.
INTRODUCTION
The fitness enthusiasts, recreational weight trainers, and athletes all take advantage of resistance training programs in order to gain muscle size and physical fitness factors such as muscular strength and endurance. Additionally, the resistance exercise is a major component of training programs in most sports and plays an effective role in injury prevention and rehabilitation. These goals can be accomplished using various types of resistance training modalities [1, 2] .
Traditional trainings are accompanied by fixed and mobile equipment in which the exercises are performed in certain ranges of motion and difficultly, that can be used in everyday life [3] . Traditional training is known as a common training program because of its positive effects on improving muscular strength and power [4, 5] .
Functional training is a specific strength training that properly involves the muscles, that are required for the implementation of daily life, including suspension training that is conducted in different from other resistance trainings [6] . Weiss et al. [7] showed that traditional and functional training programs provide similar results in muscular strength, core muscular endurance and balance. However, flexibility had greater increase in functional training group.
The suspension training has different forms, that have in common unstable surface and only used tool is different. These exercises can cause more activation in motor units of muscles [5, 8] . The use of suspension equipment is a popular choice among fitness enthusiasts. This training method is recommended to people whose aim to achieve functional strength and health. Although suspension training is characterized as an innovative training method, but the history of using these devices goes back to classical gymnastic rings [8] .
Few studies have been done on unstable strength training programs. Additionally, most of these researches have examined the physiological mechanisms of stability control [9] , and little data exists regarding the effects of balance on functional attributes such as power and strength [10, 11] .
TRX (Total-Body Resistance Exercise) is a kind of new functional training, which as suspension training allows people to use their body weight (or force exerted by the gravity force) as resistance during exercise with several motor plates as well as muscle and joint groups. In a research, Janot et al. [12] compared the traditional and TRX trainings, and results showed that TRX training improves muscular fitness in both youth and adult groups similar to traditional resistance training.
In order to evaluate the real effect of a strength training program regardless of unstable and stable conditions, it is important to keep the training load constant. However, the principle of training overload is necessary to challenge training adaptations. Resistances in most unstable surface training exercises can be body weight, and the magnitude of exercise load depends on the degree of instability, which is provided by devices and body positions. This makes it difficult to prescribe a given exercise intensity and volume. One way to control the magnitude of effort in such conditions can be used by the rating of perceived exertion (RPE), which is measured by assigning a numerical score at the end of each exercise and each training session [13] .
Up to now, there is no certain criterion for quantifying the instability produced by different devices or postural changes for determining the real magnitude of effort and load. Currently, little information is also available on the benefits of TRX as a model of functional training compared to traditional resistance training programs. Accordingly, the aim of this study was to compare the resistance training results between the traditional method and TRX on the factors of strength, muscular endurance, flexibility and extremities perimeter in non-athlete underweight females.
MATERIAL AND METHODS
The present quasi-experimental research was conducted on three groups of control, TRX training and traditional training in which the participants took part in a plan with pre-test and posttest. In the current study, after inviting individuals to participate in the research period, those who voluntarily interested in the project were referred to gym with personal consent. After evaluating body mass index, daily physical activity, history of diseases and health questionnaire, 30 of 70 subjects Physical Activity Review vol. 6, 2018 www.physactiv.ajd.czest.pl _______________________________________________________________________________________ 75
were selected as available samples. Then, all participants completed individual consent and demographic information forms. Inclusion criteria were willingness to participate in the research, BMI below 18.5 kg/m 2 , age between 18 to 26 years, no regular exercise in the last year, avoiding the use of supplements and medications during the past six months and no history of chronic diseases including cardiovascular diseases. This research was approved by the ethic committee on human experiments in faculty of physical education and sport science of Guilan University.
Before eight weeks of training, some anthropometric and physical fitness characteristics including arm and thigh circumferences, upper-body muscular endurance (push-ups), upper-body strength (bench press), lower-body strength (leg press) and flexibility (sit-and-reach) were assessed in all participants.
Extremities perimeter
Tape measure was used to obtain round-arm and round-femur so that the tape was wrapped softly around the organs and no pressure was applied to the skin.
− Arm circumference measurement: while the palm was upward and upper limbs were kept directly in front of the body, the measurement was carried out at the mid-point between the shoulder and the elbow. − Thigh circumference measurement: measurement part of the thigh was just below the buttocks.
Strength
Berzicky equation was used to calculate muscular strength in the resistance efforts. Subjects performed bench press and leg press exercises with an estimated weight up to eight repetitions; then by putting the number of repetitions in the mentioned equation, the value of 1RM was calculated. Bench press and leg press tests were used to assess upper-body and lower-body strength, respectively [14] .
Muscular endurance
The push-ups test was used to measure muscular endurance. Participants kept their hands shoulder width apart, while a straight line was formed from toes to hips and shoulders, the upperbody was brought down and the elbows were bent about 90 degrees and again the body was lifted up. The subjects performed the test as much as possible and the examiner counted the number of repetitions.
Flexibility
The sit-and-reach test was used to measure flexibility, so that the participants were allowed to perform three replications and with 60 seconds of rest between them. Some of the conditions of this test include both knees should be locked and pressed flat to the floor, the legs are stretched and the soles of the feet have 90 degree angles. The test was carried out without doing stretching exercises beforehand.
Training protocol
After the initial test (pre-test), experimental groups trained for 8 weeks, 3 sessions per week for non-consecutive days and at the same time of the day; all exercises were carried out in two 10-repetition sets with slow speed and in circuit design. The rest interval was one or two minute(s) between the two exercises. The first 10 minutes of session was devoted to warm-up and the last 5 minutes of the session was devoted to stretching for cool-down. Before starting the program, two sessions were intended to familiarize the participants with the exercises.
TRX training protocol
The training program was a combination of exercises for large muscle groups and several motor plates. The TRX training program was performed using the TRX device related to suspension training system. The TRX device was mounted on a rod by connecting 2.44 meters above the ground. This allowed the participants to perform exercises directly below the connection point.
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In general, progress in training levels for TRX group were as distance placed closer to the connection point, alter of two feet to one foot, and an increase in body angle to maintain intensity within the specified range. Dedicated intensity of advanced squat movements rose from two feet to one foot. Hamstring curl exercise progresses included further raising the thighs and buttocks in the form of bridge and bring both heels toward the buttocks. One unit increase to exert overload was considered every other weeks using the 10-rating Borg scale. Exercise intensities were in the range of 4-5 for the first fortnight using the Borg scale and based on increased load in the range of 5-6 during the second fortnight, 6-7 within the third fortnight and 7-8 during the fourth fortnight, respectively.
Traditional training protocol
The intensity of traditional resistance exercise protocol, equivalent to the Borg scale, was respectively as follows: for the first fortnight in the range of 60-65% of 1RM, and during the second fortnight based on the increasing load in the range of 65-70% of 1RM, within the third fortnight about 70-75% of 1RM and during the fourth fortnight about 75-80% of 1RM.
Statistical analyses
After testing normality of data using Shapiro-Wilk test, Intra-group changes were determined using Paired t-test. Additionally, ANOVA and Tukey's post hoc tests were used to determine differences among the three groups. For abnormal distributed data, nonparametric Wilcoxon test was used to assess intra-group differences and nonparametric Kruskal-Wallis test for the inter-group evaluation. Data were analysed using SPSS 16 software and the significance level was considered p≤0.05.
RESULTS
In total, 20 subjects (10 in traditional training group and 10 in TRX training group) completed the 8-week training period. As there were no significant changes in control group (without any training program) in any tested variable. There were significant improvements and strength (upper and lower body) in both traditional and TRX training groups. Both of training groups showed increased upper-body and lower-body strength after 8 weeks of training. The percentage of upperbody strength change in TRX group was significantly different from CT and RT groups. Post-test is significantly different from pre-test at p<0.05. Post-test is significantly different from pre-test at p<0.01. Change is significantly different from control group at p<0.01. Change is significantly different from other training group at p<0.05 (figure 1). Both of training groups showed increased muscular endurance after 8 weeks of training. The percentage of muscular endurance change in TRX group was significantly different from CT and RT groups, and TRX group showed higher improvement in muscular endurance. There was significant difference between RT and CT groups in the percentage of muscular endurance change. Post-test is significantly different from pre-test at p<0.05. Post-test is significantly different from pre-test at p<0.01.Change is significantly different from control group at p<0.05. Change is significantly different from control group at p<0.01. Change is significantly different from other training group at p<0.05 ( figure 2) .
No significant change in flexibility was observed among groups. In the inter-group comparison, upper-body strength and muscular endurance showed further significant increase in TRX group compared with traditional group. Neither of training groups showed significant change in extremities perimeter after 8 weeks of training. Non-significant inter-group differences were also observed in the percentage of changes (figure 3).
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DISCUSSION
The findings of the present study showed that after eight weeks of resistance training with TRX and traditional methods, the upper-and lower-body strength had significant changes in both traditional and TRX training groups. Dannelly et al. [11] reported increased upper-body strength after 13 weeks in both traditional and sling groups. Maté-Muñoz et al. [15] observed an increase in upperbody strength after seven weeks of resistance training in young men trained in both unstable and traditional training groups. Their result was in line with present study that could possibly justify elevated upper-body strength in both training groups. However, the present research demonstrated that TRX resulted in higher improvement in upper-body strength compared to traditional resistance training. Further, Janot et al. [12] found improved lower-body strength after seven weeks of TRX resistance training in middle-aged and youth groups. The increase in muscular strength in this study is probably due to neural adaptations created during the eight weeks of training in underweight young girls. Since the nervous system is heavily involved in TRX training regarding the suspension condition, so neural adaptations justify the strength found in this study. Regularly, strength does not depend only on muscle mass, but nervous portion of motor units are also important. Thus, the strength increases in the early weeks of a strength training program, while there is no sign of muscle hypertrophy in this period.
In the present study, the changes in arm and thigh circumferences were considered as the criterion for muscular hypertrophy. According to the theory of neural adaptation, high muscular strength occurs rapidly in initial six to eight weeks of training, which is consistent with our results. On the other hand, minimal muscular hypertrophy due to strength training can be seen in six weeks, which may need more time to increase the muscle mass due to the impact of gender of subjects (low levels of testosterone and less muscle mass in females than in males) [16] . The results are in contrast with a research of Sayloret al. [2] which found significant improvement in lean body mass.
In this regard, one of the main theories is that the training in unstable conditions creates the same strength adaptation in lighter loads [17] . Similar strength responses caused by both kinds of training show that the body position and the instability generated by TRX had a similar effect to produce external load in resistance exercise. Increased strength observed arises largely due to neural adaptations caused by motor unit recruitment, frequency of excited motor units in addition to increasing motor unit recruitment or decreased neural inhibitors, and other neural factors including increased activity of facultative agonists and reducing antagonist performance. Many studies have investigated neuromuscular responses to exercise in suspension and stable positions. Capacity of recruiting motor units is very important. In fact, the muscle fibers that are not used during training cannot be stimulated to adapt. Byrne et al. [18] observed significant increase in EMG activity in the core, abdominal, thoracic and thigh muscles induced by TRX Plank in young adults.
The long-term increase in strength is usually associated with trained muscle hypertrophy. A lot of time is required to make proteins by reducing protein degradation and increased protein synthesis, or both. Apparently, neural factors have the greatest contribution within the 8 to 10 weeks of training. Supposedly, any increase in strength is under the influence of neural factors, but long-term strength increase is mainly due to hypertrophy. Probably, because the impact of gender of subjects, more time is needed to increase the volume of muscle mass [16] . Therefore, it is inferred that the eight-week resistance trainings at the suspension (TRX) and traditional manners may not have sufficient effect on muscular hypertrophy in underweight young girls.
Increased flexibility after a period of training was observed in both experimental groups, but not statistically significant, probably due to insufficient number of participants. Active and passive muscle stretching for warming-up in each training session is one of the causes of increased flexibility.
Flexibility is increased because of wide combination of movements in multiple plates, creating large range of motion. It is noteworthy that flexibility is considered neither clearly a fitness ability nor coordinator ability. However, it is a complex feature influences fitness and coordination abilities at the various performances. Flexibility is closely related to strength, endurance, speed and skill. The results of the present study about flexibility were in contrast to the findings of a study conducted by Weiss et al. [7] which reported further increase in flexibility for the participants in the functional training group compared to traditional group. On the other hand, Distefano et al. [19] observed similar changes in flexibility for participants involved in an integrated training program focused on core stability, strength, agility, and advanced resistance training. In general, these studies support the importance of functional trainings performed through all range of motion for increasing flexibility.
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The involvement in resistance training professionally leads to decreased flexibility. But since the participants in this study had inactive lifestyle, traditional exercises have caused positive adaptations. However, improvement of flexibility compared to baseline state was non-significant. Muscular endurance in both groups showed significant improvement due to effects of eight weeks of traditional and TRX trainings, indicating the effects of both training programs on the improvement of shoulder girdle muscular endurance. However, TRX caused higher improvement in muscular endurance. In this context, Dannelly et al. [11] observed significant improvement in muscular endurance in closed chain exercises at the end of training; but unlike the present study, no changes were observed in open chain exercises.
It seems that since the participants in this study had inactive lifestyle with low primary muscular endurance, traditional and TRX resistance training led to more activation of muscles and improvement of muscular endurance compared to baseline. Increased muscular endurance of shoulder girdle may be due to local muscular adaptations caused by increased oxidative enzymes activities such as succinate dehydrogenase (SDH), cytochrome oxidase and glycolytic enzymes like phosphorylase and phosphofructokinase [16] . Additionally, increasing the amount of glycogen is one of the dramatic changes in muscle during training period. The muscle trained for endurance tends to increase its glycogen stores and possible changes in these reserves may be effective in changing muscular endurance [16] . The problem referring to the influence TRX presented in this work, makes a part of complex problematics that can be specified as reflection about alternative model of traditional training [20] . The development of this aspect makes a part of interdisciplinary papers [21, 22] .
CONCLUSION
The goal of the present study was to compare the effects of eight weeks of TRX versus traditional resistance training on physical fitness factors and extremities perimeter of non-athlete underweight girls. Based on the results of this research, underweight non-athlete girls could benefit from TRX training as an alternative model of traditional resistance training and even a resistance training module with some possible advantages compared to traditional type with diversity in form and structure to gain muscular strength and endurance in addition to nutritional considerations. However, the present research had some limitations such as short-term protocol and few numbers of subjects. Hence, a further is recommended to be done on larger numbers of participants with a longer period design in order to clarify the impacts of TRX compared to traditional resistance training on structural and functional adaptations of muscular system during long-period training. For feature studies, it is also recommended to use electromyography to assure neurophysiological alterations are induced by TRX versus traditional resistance training within a same period of time.
